Drosophila Helical factor is an inducible protein acting as an immune-regulated cytokine in S2 cells. by Malagoli, Davide et al.
Cytokine 58 (2012) 280–286Contents lists available at SciVerse ScienceDirect
Cytokine
journal homepage: www.elsevier .com/locate / issn/10434666Drosophila Helical factor is an inducible protein acting
as an immune-regulated cytokine in S2 cells
Davide Malagoli a, Alice Accorsi a, Sandro Sacchi b, Valentina Basile a, Mauro Mandrioli a,
Marcello Pinti c, Darrell Conklin d,e, Enzo Ottaviani a,⇑
aDepartment of Biology, University of Modena and Reggio Emilia, Modena, Italy
bDepartment of Medicine, Endocrinology, Metabolism and Geriatrics, University of Modena and Reggio Emilia, Modena, Italy
cDepartment of Biomedical Sciences, University of Modena and Reggio Emilia, Modena, Italy
dDepartment of Computer Science and Artiﬁcial Intelligence, University of the Basque Country UPV/EHU, San Sebastián, Spain
e IKERBASQUE, Basque Foundation for Science, Bilbao, Spain
a r t i c l e i n f oArticle history:
Received 23 May 2011
Received in revised form 3 February 2012
Accepted 4 February 2012
Available online 2 March 2012
Keywords:
Cytokine
Immunity
Insect
Immune signaling1043-4666/$ - see front matter  2012 Elsevier Ltd. A
doi:10.1016/j.cyto.2012.02.002
Abbreviations: AMP, antimicrobial peptide; Hf, D
immune deﬁciency; S2, Schneider’s Line 2.
⇑ Corresponding author. Address: Department of B
and Reggio Emilia, Via Campi 213/D, 41125 Modena,
fax: +39 059 2055548.
E-mail address: enzo.ottaviani@unimore.it (E. Ottaa b s t r a c t
The innate immunity of Drosophila melanogaster is based on cellular and humoral components. Drosophila
Helical factor (Hf), is a molecule previously discovered using an in silico approach and whose expression is
controlled by the immune deﬁciency (Imd) pathway. Here we present evidence demonstrating that Hf is
an inducible protein constitutively produced by the S2 hemocyte-derived cell line. Hf expression is stim-
ulated by bacterial extracts that speciﬁcally trigger the Imd pathway. In absence of any bacterial chal-
lenge, the recombinant form of Hf can inﬂuence the expression of the antimicrobial peptides (AMPs)
defensin but not drosomycin. These data suggest that in vitro Hf is an inducible and immune-regulated fac-
tor, with functions comparable to those of secreted vertebrate cytokines.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
As in mammals, insect innate immunity relies on cellular and
humoral components [1,2]. These two elements are intercon-
nected, and the latter, in particular, has been well characterized
in insects starting from studies on the larval fat body of the fruit
ﬂy Drosophila melanogaster [3]. Among humoral factors, the antimi-
crobial peptides (AMPs) are the molecules whose structures and
functions have been elucidated [4], whereas Drosophila cytokines
are less characterized. In mammals, cytokines are chemical media-
tors involved in immune, neuroendocrine and developmental func-
tions. In invertebrates other than D. melanogaster, cytokines have
also been retrieved [5–12]. Drosophila and the majority of other
invertebrate cytokines display no relevant similarity of primary se-
quences with mammalian counterparts, and the term cytokine it-
self has been attributed on a functional criterion, based on an
involvement in immunity and development.ll rights reserved.
rosophila Helical factor; Imd,
iology, University of Modena
Italy. Tel.: +39 059 2055536;
viani).The Drosophila cytokine Spätzle is the activator of the Toll path-
way, a cascade activated mainly by Gram positive bacteria and fun-
gi [13]. The protein Spätzle acts through the binding of the receptor
Toll and one of its typical effects is the induction of the AMP gene
drosomycin [14]. Recently it has also been demonstrated that the
secretion of Spätzle by the hemocytes is fundamental to set up a
proper systemic response against septic injury or oral infection
[15] and also molecular details underpinning Spätzle processing
before its interactions with Toll have been provided [16].
A second cytokine observed in D. melanogaster, Unpaired (Upd)-
3, is secreted by hemocytes after septic injury and activates the
JAK-STAT pathway in the fat body. However, the control of Upd-3
secretion has so far not been fully clariﬁed [17], whereas its
expression seems not to depend from the Imd-related kinase
dTAK1 [18]. Finally, we have isolated the gene of a putative helical
cytokine, Drosophila Helical factor [19], now indexed as Helical fac-
tor (Dmel/Hf) in Flybase. Hf expression in the S2 hemocytes is
dependent on the Imd pathway [18], the signaling pathway con-
trolling the response to Gram negative bacteria [20].
In the present study, our aim has been to obtain more direct evi-
dence of the role of Hf as a cytokine, providing further information
on the action it may play on the immune function of cultured
hemocytes. Our results indicate that Hf expression is signiﬁcantly
increased after exposure to Escherichia coli-puriﬁed peptidoglycan
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S2 cells after immune stimulus with heat-inactivated Gram nega-
tive bacteria. The direct administration of the recombinant form
of Hf, rHf, increases the expression of Hf and the AMP defensin
but not drosomycin in S2 cells. These ﬁndings indicate that Hf be-
haves in vitro analogously to vertebrate secreted helical cytokines.2. Materials and methods
2.1. Synthesis of the recombinant Hf (rHf) and the polyclonal antibody
anti-rHf
The cDNA (GenBank Accession No. NM_176064.2) encoding for
the full-length form of the protein Hf (Dmel/CG10658) [19] was
ampliﬁed (rHf_F 50-GGA TCC GAT GGC GAG ATC AG-30; rHf_R 50-
CTC GAG TTA AGC CTT CGT CC-30, annealing temperature 61 C,
annealing time 45 s, elongation 72 C for 45 s), initially cloned into
the ‘‘pGEM T-easy cloning kit’’ following the instructions of the
manufacturer (Promega, Madison, WI, USA) and entirely se-
quenced on both strands. The obtained Hfwas then cloned in frame
into the pET- 32b (+) vector (Novagen, Darmstadt, Germany), con-
taining thioredoxin-, protS- and His-tags. Thioredoxin- and protS-
tags were eliminated by cutting with NdeI and the cut efﬁciency
was analyzed either with DNA electrophoresis in agarose gel and
through SDS–PAGE followed by Western blot using an anti-thiore-
doxin polyclonal antibody (pAb) (1:50,000) kindly provided by Dr.
Carol Imbriano (University of Modena and Reggio Emilia, Modena,
Italy). Production and elution of rHf was performed in BL21 (LysS)
bacterial cells as already described in detail by Bolognese et al.
[21], utilizing a concentration of 1 mM IPTG for induction and
5 mM imidazole for elution. After the elution, dialyzed rHf was
run in 12% SDS–PAGE, bands were cut out from the gel, immersed
in 1 phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl,
10 mM Na2HPO4, 10 mM NaH2PO4, pH 7.3 ± 0.1) and then utilized
to immunize rabbits (Primm, Milan, Italy). Speciﬁcity and sensitiv-
ity of the puriﬁed anti-rHf pAb were assessed by immunoblot using
both rHf and S2 cell lysates as target. For this purpose, total ex-
tracts from 2  106 cells were prepared by resuspending the cell
pellet directly in 150 ll of 1 Laemmli Buffer (20 mM Tris–HCl
pH 7.5, 1.5 mM EDTA, 20% Glycerol, 2% SDS, 5% b-mercaptoethanol)
added with protease and phosphatase inhibitors. Equivalent
amount of total extracts were resolved by 12% SDS–PAGE, electro-
transferred onto nitrocellulose membrane, blocked by incubation
in a solution of 5% non-fat dry milk in 1 TBS (0.15 M NaCl,
50 mM Tris–HCl pH 7.5 at 25 C, 0.1% Tween 20) and immunoblot-
ted with the following primary antibodies diluted 1:1000 in 1
TBS/1 mg/ml BSA: anti-rHf pAb; anti-actin (I19) sc-1616
(Santa-Cruz Biotechnology, Santa Cruz, CA, USA). Negative control
experiments for immunoblotting were performed substituting the
anti-rHf pAb with the pre-immune serum.2.2. Cells, cell culture and treatments
Macrophage-like Drosophila embryonic hemocytes, S2 (also
known as SL2) cells, were maintained at 25 C in Schneider’s Insect
medium (Sigma, St. Louis, MO, USA), supplemented with heat-
inactivated 10% fetal bovine serum (Sigma). Cell viability was al-
ways checked at the beginning and at the end of the experiments,
using Trypan blue (0.1%, Sigma) dye exclusion method. The per-
centage of dead cells was similar in both treated and control cells
and it was not affected by the experiments. The number of cells po-
sitive to Trypan blue staining was between 7% and 8% either before
or after the experimental procedures (data not shown).
For qPCR experiments focused on elucidating the inducibility of
Hf, 107 S2 cells were incubated for 6 or 24 h in 5 ml of mediumadded with: rHf (1, 10, 100 pg/ml and 1, 10 ng/ml), or 10 lg/ml
PGN(), i.e., a speciﬁc activator of Imd pathway derived from
E. coli [22], or the heat-inactivated Gram positive bacteria Staphy-
lococcus aureus (109 bacteria/ml), i.e., a potential activator of Toll
pathway [23]. Control cells were incubated with culture medium
without the addition of recombinant peptide, or PGN(), or bacte-
ria. The times of incubation were chosen on the basis of the times
usually registered to reach a peak response in the typical Imd and
Toll readouts [22].
The effects of heat-inactivated E. coli on cytoplasmic Hf were
observed through confocal microscopy. In preparation to micros-
copy analysis, 107 S2 cells were incubated for 6 or 24 h in 5 ml of
medium containing 109 bacteria/ml of heat-inactivated E. coli
(ATCC 25922) or 1 ng/ml rHf. After treatments, cells were centri-
fuged and washed in 1 PBS for three times before starting with
the immunocytochemical procedures.
Each experiment was performed at least in triplicate three
times.
2.3. qPCR analysis of Hf expression and inducibility, and evaluation of
rHf effects on defensin and drosomycin expression
Control, rHf, PGN() and S. aureus-treated S2 cells (6 and 24 h)
were washed with 1 PBS and the whole RNA was extracted (SV
Total RNA extraction System, Promega) and reverse transcribed
to cDNA (GoScript Reverse Transcription System™, Promega)
according to manufacturer’s instructions. qPCR reactions were per-
formed using a Maxima SYBR Green/Fluorescein qPCR Master Mix
(Fermentas, Vilnius, Latvia) with the primers, qHf_F 50-CTC CCG
AAG TTG CTC GTC-30 and qHf_R 50-AAC TGG GTG ACG TTG GAA
AC-30 (HPLC-puriﬁed), following instruction provided by the man-
ufacturer. The applied thermal proﬁle was: 95 C for 10 min (1 cy-
cle), 95 C for 15 s and 65 C for 30 s (35 cycles). Experiments were
performed also with the aim to elucidate if the recombinant pep-
tide, rHf, alone may inﬂuence the expression of AMPs, namely
defensin and drosomycin. The following primers were used: defensin
(F 50-GCT ATC GCT TTT GCT CTG CT-30 and R 50-CCA CTT GGA GAG
TAG GTC GC-30), and drosomycin (F 50-TAC TTG TTC GCC CTC TTC G-
30 and R 50-GTA TCT TCC GGA CAG GCA GT-30) [18]. For defensin the
applied thermal proﬁle was 95 C for 10 min (1 cycle), 95 C for
15 s and 62 C for 30 s (35 cycles), while for drosomycin the applied
thermal proﬁle was 95 C for 10 min (1 cycle), 95 C for 15 s and
60 C for 30 s (35 cycles). The housekeeping gene used as reference
was ribosomal protein 49 (rp49) (F 50-AGC AGG AGA TGG CCA CC-30
and R 50-TCC ACA TCT GCT GGA AGG-30), and the applied thermal
proﬁle was 95 C for 10 min (1 cycle), 95 C for 15 s and 60 C for
30 s (35 cycles). All the reactions were performed in triplicate on
a ‘‘iQ5’’ real-time PCR equipment (BIO RAD Lab, Milan, Italy).
2.4. Immunocytochemical procedure and confocal microscopy
Treated and control samples of S2 cells were cytocentrifuged
onto slides with a ‘‘Cytospin II’’ (Shandon Instrument, UK) running
at 800 rpm for 3 min, air-dried for 3 min at dark, ﬁxed for 5 min at
room temperature (RT) in 4% paraformaldehyde, washed three
times in 1 PBS for 5 min, incubated for 30 min in a 1:20 solution
of goat normal serum (Vector Lab., Burlingame, CA, USA) and incu-
bated overnight at 4 C in 0.2 lg/ml solution of anti-rHf pAb. Slides
were then washed repeatedly with 1 PBS at RT, and cells were
permeabilized for 5 min in a 0.1% Tween 20 and incubated with
1:1000 FITC-labeled anti-rabbit pAb (Vector Lab.) for 1 h at RT.
After washings, nuclei were counterstained with 10 lM Hoecsht
33342 (Ho33342, Sigma) and after four washes in 1 PBS and a ﬁ-
nal rinse in bi-distilled water, the slides were mounted in DABCO
(Sigma). For each experiment, three slides from both control and
treated samples were prepared as described above, but in order
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ical reactions by Ho33342, nuclei were not counterstained. Nega-
tive control of immunocytochemical reactions was performed by
incubating the cells with pre-immune serum or by pre-adsorbing
the antibody with the recombinant peptide, rHf (10 nmol of anti-
gen with 1 ml of undiluted antiserum, incubated overnight at
4 C in continue rotation). Negative controls were also performed
by omitting the primary antibody in order to exclude any false
positive due to the unspeciﬁc binding of the secondary antibody.
In order to exclude false signal derived from ﬁxation-induced
auto-ﬂuorescence, negative controls were also performed by
omitting the secondary FITC-labeled anti-rabbit pAb. Confocal
microscopy images were acquired with a ‘‘Leica DMIRE2’’ inverted
research microscope connected with a TCS SP2-AOBS system
(Leica, Germany). Cell integrity was constantly veriﬁed by using
also transmitted light and phase-contrast imaging. Images were
analyzed through the ‘‘ImageJ 1.38x’’ software (Wayne Rasband,
National Institute of Health, USA).
2.5. Statistical analysis
Statistical analysis of densitometric values was carried out by
ANOVA with P < 0.05 taken as signiﬁcant. The statistical analysis
of cell viability (data not shown) was performed through Krus-
kal–Wallis Test. The relative expression of Hf gene has been calcu-
lated as the relative ratio in respect to the ﬁrst control sample, set
arbitrarily to 1, by using the ‘‘Delta–Delta Cycle’’ method [24] and
the iQ5 software (BIO RAD Lab.).
3. Results
3.1. Effects of rHf, E. coli-derived PGN() and heat-inactivated S.
aureus on the expression of Hf
qPCR experiments show that rHf triggers Hf expression in S2
cells on a time- and concentration-dependent basis. At the concen-
tration of 1 ng/ml, the effects of rHf appear signiﬁcant only after
24 h, when the expression is always more than 10 times higher
than in control. When rHf is used at the 10 ng/ml concentration,
it reveals to be most effective after 6 h while after 24 h its effects
on S2 cells are not evident (Fig. 1). Similarly to rHf, also PGN()Fig. 1. qPCR analysis of Hf expression after incubation with rHf, PGN() or heat-inactivat
time- and concentration-dependent manner. At the concentration of 1 ng/ml, rHf stimula
evident after 6 h of incubation but not after 24 h. E. coli-derived PGN(), an established ac
S. aureus does not affect Hf expression after neither 6 nor 24 h incubation. The shown e
triplicate. ⁄P < 0.05 vs. Control.can induce a signiﬁcant increase in Hf expression. More precisely,
PGN() increases Hf expression up to 15 times in some experi-
ments, even though the average Hf expression in PGN()-treated
cells is approximately 5–6 times higher in comparison with control
(Fig. 1). PGN() effects on Hf are similar either after 6 or 24 h.
Heat-inactivated S. aureus has no effects on the expression of Hf,
neither after 6 nor 24 h incubation (Fig. 1).
3.2. Effects of immune challenge or rHf administration on Hf
localization
Confocal microscopy observations indicate that S2 cells consti-
tutively contain Hf at the cytoplasmic level (Fig. 2A). Nuclei are al-
ways negative to the immunocytochemical reactions. After the
exposure to heat-inactivated Gram negative bacteria (E. coli) the
signal retrieved in the cytoplasm of S2 cells decreases signiﬁcantly
in proportion to the incubation time. After 6 h incubation with
heat-inactivated E. coli, some signal is still detectable in the cyto-
plasm (Fig. 2B), but after 24 h of a continued exposure to the Gram
negative bacteria, no immunoreactivity can be detected (Fig. 2C).
The administration of 1 ng/ml rHf to the S2 exerts effects compara-
ble to those described for the bacteria, but with different timings.
After 6 h incubation with 1 ng/ml of rHf, immunoreactivity for Hf
at the cytoplasmic level is signiﬁcantly reduced (Fig. 3). Immuno-
blot experiments conﬁrm the sensitivity of the anti-rHf pAb
(Fig. 4) and evidence that rHf, as it has been observed for other pro-
teins [25,26], displays an anomalous electrophoretic mobility, at
approximately 30–32 kDa instead of the expected 24.3 kDa. Immu-
noblot experiments can not detect a signiﬁcant signal either in the
cell lysates or in the medium conditioned by control and treated S2
cells (data not shown). This may be imputable to the very low con-
centration of the factor, given that the signal after immunoblotting
is clearly visible only when more than 10 ng of puriﬁed rHf are
loaded in the gel (Fig. 4).
3.3. Effects of rHf on the expression of defensin and drosomycin
qPCR experiments indicate that when directly administered to
the cells rHf provokes a time- and concentration-dependent induc-
tion of defensin (Fig. 5) whereas it is almost ineffective in modifying
the expression of drosomycin (Fig. 6). Concentrations lower thaned S. aureus. Hf expression is signiﬁcantly increased by the recombinant peptide in a
tes Hf expression after 24 h but not after 6 h. Conversely, effects of rHf 10 ng/ml are
tivator of the Imd pathway, stimulates Hf expression at both 6 and 24 h time points.
xperiment is representative of a set of four independent experiments performed in
Fig. 2. Effects of heat-inactivated E. coli on the presence of Hf in S2 hemocytes. (A) Control cells display immunopositivity at cytoplasmic level. (B) After 6 h of incubation with
the bacteria, immunoreactivity is still observable, although at a signiﬁcantly lower level than in control cells. (C) After a 24 h incubation almost no Hf was present in the
cytoplasm. (D) Negative control cells are presented after merging ﬂuorescent signal with the images acquired in transmitted light in order to display the integrity of cell
membrane and ensuring that the absence of signal is due to the incapability of the pre-immune serum/saturated antibody of binding any target in the cytoplasm of S2 cells.
(E) Densitometric analysis of the ﬂuorescent signal transmitted following the excitation of FITC with a Laser Ar (488 nm/20 mW). Data are normalized with respect to the
signal registered in control S2 cells (a), and show the difference for the cells incubated with bacteria either for 6 h (b) or 24 h (c). Bar = 10 lm. ⁄P < 0.05 vs. Control.
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expression proﬁle of the AMPs (data not shown). When the 1 ng/
ml concentration is used, there is a signiﬁcant increase in the
expression of defensin especially after 24 h when the expression
signiﬁcantly augmented up to 47 folds (Fig. 5). When S2 cells are
incubated with rHf at the highest concentration, i.e., 10 ng/ml,
defensin is again signiﬁcantly increased with respects to controls,
and the effects of the recombinant peptide are similar after 6 and
24 h, when defensin is induced approximately 5 folds with respects
to control (Fig. 5) drosomycin is almost never affected by the rHf,
because only after a 24 h incubation a very weak induction was ob-
served (Fig. 6). The two immune stimuli applied for estimating the
activity of rHf have different effects on S2 cells. PGN() stimulatesdefensin expression either after 6 or 24 h, although at 24 h the ef-
fects are more evident (Fig. 5), but the bacterial extract does not
signiﬁcantly modify the expression proﬁle of drosomycin (Fig. 6).
Heat-inactivated S. aureus does not affect the expression proﬁle
of the two AMPs analogously to what observed for Hf (Figs. 5 and
6).
4. Discussion
Hf is a molecule discovered in D. melanogaster databases by
mean of an algorithm speciﬁc for helical cytokine searching in
molecular databases [19,27]. In the present paper, we have ob-
served that Hf, presents the functional characteristics of a cytokine.
Fig. 3. Effects of 1 ng/ml rHf on the presence of Hf in S2 hemocytes. (A) Anti-rHf pAb immunoreactive material is present in the cytoplasm of control cells, while (B) after 6 h
of incubation with 1 ng/ml immunoreactivity is signiﬁcantly reduced. (C) Densitometric analysis of the ﬂuorescent signal transmitted following the excitation of FITC with a
Laser Ar (488 nm/20 mW) conﬁrms morphological observations indicating than with respect to control (a), less than a half of anti-rHf pAb immunoreactive material is still
present in the cytoplasm of S2 cells after 6 h incubation with 10 ng/ml rHf (b). Negative controls (not shown) always had the same aspect of those presented in Fig. 2D.
Bar = 10 lm. ⁄P < 0.05 vs. Control.
Fig. 4. Immunoblot analysis of the anti-rHf pAb. The antibody is tested against
increasing amounts of puriﬁed rHf. Up to 10 ng of rHf (lane A) the signal is not
clearly detectable, while the band is visible when 20 ng of recombinant peptide are
loaded in the gel (lane B). Negative control performed with pre-immune serum is
shown in lane C.
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Hf in Drosophila immunity [18,19], and here we have observed
through qPCR that Hf is induced after immune stimulation. De
Gregorio et al. [28] observed in vivo that after infecting the ﬂies
with either a mix of Gram positive and negative bacteria or the
entomopathogenic fungus Beauveria bassiana, the CG10658 gene(i.e., Hf) appeared to be suppressed at time points 3 and 6 h, while
Hf was slightly induced 48 h after the infection. Hf was not re-
ported among the genes induced in S2 cells after a 60 min treat-
ment with LPS [29]. Here we demonstrate that E. coli-puriﬁed
PGN() stimulated Hf expression in S2 cells and its effects were
similar after either 6 or 24 h of incubation. These observations ob-
tained with qPCR are in partial contradiction with data we pre-
sented before [18], when the PGN()-dependent increase of Hf
expression was observed through semi-quantitative RT-PCR after
18 and 24 h of incubation but not after 6 h. rHf effects on Hf
expression differ from those of PGN(), being time- and concentra-
tion-dependent. More precisely, at 1 ng/ml the recombinant pep-
tide is active mostly after 24 h, whereas at the concentration of
10 ng/ml the effects are principally evident after 6 h. Previous
experiments have demonstrated that the expression of Hf in S2
cells is abolished after the silencing of the key component of the
Imd signaling, dTAK1 [18]. Present qPCR experiments conﬁrmed
the observation since the speciﬁc activator of the Imd pathway,
PGN(), is able to induce Hf expression while the Gram positive
and Toll pathway-activator S. aureus does not modify the Hf
expression proﬁle. As a whole, our qPCR experiments have estab-
lished that Hf is an inducible gene in S2 cells, but its induction
may vary signiﬁcantly on the basis of either the type or the dura-
tion of the stimulus, suggesting that the typology of the immune
challenge and/or the time of incubation are critical for the induc-
tion of Hf.
Beside qPCR data, also confocal microscopy experiments pro-
vide further evidence in favor of Hf as an immune-related signal
molecule. After incubating the cells with heat-inactivated E. coli,
the immunopositivity versus cytoplasmic Hf declined in a time-
dependent manner. Since immunoblot experiments failed to evi-
dence Hf in the medium, at present it is not possible to completely
Fig. 5. Effects of rHf, PGN() and heat-inactivated S. aureus on the expression of defensin after 6 (A) or 24 (B) h. Both rHf and PGN() signiﬁcantly increase defensin expression,
even though the recombinant peptide effects are of different amplitude on the basis of the time and the concentration considered. Maximal effects of rHf were observed at the
concentration of 1 ng/ml after 24 h incubation. Heat-inactivated S. aureus never affects the expression of defensin. ⁄P < 0.05 vs. Control.
Fig. 6. Effects of rHf, PGN() and heat-inactivated S. aureus on the expression of drosomycin after 6 (A) or 24 (B) h. With the exception of 1 ng/ml rHf for 24 h, which promoted
a weak but signiﬁcant induction, none of the treatments can induce the expression of drosomycin. ⁄P < 0.05 vs. Control.
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of the stimulus. However, the speciﬁcity of the QT method’s predic-
tions [19,27] and the effects exerted by the rHf point towards a
probable secretion of the peptide upon an immune challenge. As
observed for the Hf expression, the cytoplasmic presence of Hf is
directly inﬂuenced not only by a bacterial stimulation, but also
by the recombinant form of the peptide, rHf. This observation is
in agreement with data collected in mammals for secreted helical
cytokines such as IL-2 and IL-6 [30,31]. Analogously to vertebrate
cytokines, also for the Drosophila cytokines Spätzle [15] and Upd-
3 [17], as well as for other invertebrate cytokines [5,9], it has been
demonstrated the secretion by immune-competent cells.
Since our data suggested that besides being an immune-regu-
lated molecule, Hf is also a secreted factor, we have looked for po-
tential effects of rHf on the AMP synthesis of S2 hemocytes in
absence of any immune challenge. As seen for mammalian helical
cytokines synthesized by cells of the innate immune system, e.g.,
macrophages [31], rHf induced a dose- and time-dependent stim-
ulation of the transcription of defensin, and, to a much lesser ex-
tent, of drosomycin genes by S2 cells. Notably, the expression
proﬁle of Hf and defensin resulted always very similar in our exper-
iments, as the two genes appeared to be induced by the same stim-
uli and with a comparative amplitude. Defensin is an AMP typically
active against Gram positive bacteria [4]. Drosomycin is mainly
effective against fungi and is usually considered as the readout of
the Toll signaling pathway activation [2,22], but its expression inecdysone-treated S2 cells is increased also by E. coli-derived PGN,
i.e., a typical activator of the Imd pathway [22]. Here we observed
that PGN() exerts no induction of drosomycin even after 24 h, con-
ﬁrming the low responsiveness of drosomycin to PGN() in S2 cells
in absence of a pre-treatment with ecdysone [22]. In our experi-
ments, treatments with heat-inactivated S. aureus do not signiﬁ-
cantly affect Hf and AMP expression. This is in agreement with
recent observations performed in adult ﬂies indicating that S. aur-
eus could be able to hamper the humoral immune response in D.
melanogaster by interfering with the sensing of peptidoglycan
[23]. The synergistic cooperation of Toll and Imd pathways has
been demonstrated in S2 cells, and it has been proposed that the
overlap of the two routes is hinged on the regulating regions of
AMP genes and the interactions of the DIF and Relish transcription
factors [22,32]. Interest in this kind of information also derives
from the consideration that Toll and Imd pathways display inter-
esting parallelisms with events triggered in mammals by IL-1
[13], and the TNF-receptor [33], respectively.
The activation of the Imd pathway in the immune response of D.
melanogaster can be ﬁnely and tightly regulated [32–35], suggest-
ing that in the complex immune system of Drosophila all the com-
ponents cooperate in order to determine an efﬁcacious response
[32,33]. In this context, data here presented indicate that Hf is an
immune-regulated factor, inducible by a speciﬁc Imd-activator,
and with functional characteristics similar to those of secreted
helical cytokines [36–38]. Hf is dependent in its expression on
286 D. Malagoli et al. / Cytokine 58 (2012) 280–286the kinase dTAK1 [18] and it appears to be sufﬁcient for triggering
alone a humoral immune reaction as it has been observed for ver-
tebrate cytokines [37–39].
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